Introduction
Recently 
where s(k) denotes the k-th speech sample, ai(k) the i-th prediction coefficient, and e(k) the error signal. This error signal should be considered to be a non-Gaussian process which is made up of two combined Gaussian processes with different variances: one Gaussian process with a small variance is the modelling error caused by fitting the vocal tract structure with improper model parameters and the other with relatively much larger variance is the error due to the input pitch excitations. Thus we can induce the premise that the error signal has the 6-contaminated normal mixture model6) expressed by the equation (2), 
where 
where a proportionality constant c=2.0 is selected empirically, and an interval length L=20 is determined out of consideration that at most one pitch period may be included within the calculation interval.
Experimental results
Some experiments are carried out on both the synthetic and the real speech data to evaluate the performance of the proposed robust Kalman estimator (RKE). The synthetic speech signal is made up of the connected 3 vowels and is generated using an impulses train with the pitch period Tp=5ms as an excitation signal when the sampling frequency is 10 kHz. In Fig. 1 , the employed reference formant pattern and the estimated formant trajectories are expressed by dotted lines and solid lines, respectively. The estimated time-varying formant trajectories are obtained by using the conventional and the proposed estimation methods, re- Fig. 2 The estimation order dependency of the formant estimation error. Fig. 3 The pitch period dependency of the formant estimation error. 
